Background: Stroke is the leading cause of adult long-term disability in Western countries. Intravenous thrombolytic therapy with recombinant tissue plasminogen activator is safe and effective within the first 4.5 h after the onset of stroke. Various factors delaying acute stroke care have been identified in the literature. This review aimed to provide an overview of factors delaying acute stroke care and attempted to show how they interact in a synthetic framework. Methods: We conducted a systematic review of literature reviews published in Medline and DORIS until 2016 on factors influencing acute stroke pathway timeframe. Results: We analyzed 31 reviews that cover all factors of delays from stroke onset to treatment. We identified 27 factors that had a significant impact on acute stroke care and can be categorized into four distinct categories: patient-related factors, training, resources and lack of coordination. We also reported associations between factors observed in both between categories (mainly between patients and organizational/logistical factors) and within categories. Conclusion: This review provides a wide overview of factors influencing acute stroke pathway. Since it was observed that the identified factors were interrelated, they needed to be analyzed in a systematic way. We hence created a synthetic framework that combines several categories of factors while assuming that factor weight varies from a study context to another. Better knowledge on underlying mechanisms between factors would provide crucial improvement of the interventions aiming at reducing delays in both pre-hospital and inhospital stages. For future research, we recommend adopting a systemic perspective on factors influencing acute stroke pathway.
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Introduction

S
troke is a primary cause of death and the leading cause of adult long-term disability. 1 In an ageing society, the social and economic burden of strokes is increasing and resulting in a public health challenge. For an ischemic stroke, which accounts for about 80% of strokes, intravenous thrombolysis with recombinant tissue plasminogen activator (rtPA) administered within 4.5 h of symptom onset is safe, effective and the standard treatment in terms of cost-benefit and the reduction of longterm disability. 2 However, the benefits of thrombolytic treatment are deeply time dependent and decline rapidly beyond the first 90 min following symptom onset. 3 A meta-analysis conducted on five randomized trials evaluating the efficacy of endovascular thrombectomy (MR CLEAN, ESCAPE, REVASCAT, SWIFT PRIME, EXTEND IA) done by newer generation devices (stent retrievers) showed the benefit on elderly (>80 years), patients not receiving intravenous alteplase, and patients who are treated under 300 min from stroke onset. 4 Following this evidence, European and American medical society recommendations and guidelines were amended to integrate endovascular thrombectomy into acute stroke care pathways, providing the treatment to patients up to 6 h after stroke onset. Despite these advances, pre-hospital and inpatient delays remain an important challenge for stroke care management. Indeed, despite a better public awareness of the disease-as well as the proliferation of stroke units (SUs), the improved organization of stroke care pathways and recent advances in telemedicine-only a small minority of stroke patients have access to stroke care in a favorable timeframe, including thrombolytic therapy. In Europe and USA, only one-third of patients with acute stroke arrive at the hospital in adequate time to receive thrombolytic treatment and <7% receive it. 5 An important body of literature has emerged presenting factors impacting acute stroke pathway. These factors can have both positive and negative effect on the critical timeframe. The acute stroke timeframe is defined as the time taken from symptom onset to the decision to treat. 6 It can be divided into four delay phases: (i) from symptom onset to the decision to seek medical attention (reaction time); (ii) from the decision to seek medical attention to first medical contact (first contact); (iii) from first medical contact to admission (medical evaluation and travel) and (iv) from admission to treatment (inhospital door to needle). A wide variety of factors impact acute stroke pathways at each stage. Some of them like patient stroke knowledge, correct recognition and triage by emergency medical service (EMS) dispatchers or emergency department (ED) physicians, and SU access are leading factors that have already been well studied. In comparison, socioeconomic status, patient psychological factors or structure-level management services are less studied, partly because of the difficulties to capture these factors.
The impact of each factor is heterogeneously documented and the knowledge of the underlying mechanisms explaining acute stroke delays remains low. 7 One way to explain this is to recognize the growing complexity that sustains the need for system approaches. More than being aware of the distinct factors, it is important to remain aware of the relationship between factors and how they react when those relationships change. To our knowledge, there have been no studies focused on the interaction between factors. We conducted a systematic review of reviews to provide an overview of factors influencing acute stroke care. This approach provides a summary of evidence at different levels, including the combination of different interventions, different outcomes, different conditions, problems or populations. This single synthesis of all relevant evidence also focuses on associations between factors and attempts to demonstrate how they could interact in a synthetic framework that can be adopted to design efficient health care planning interventions.
Methods
For this review, we adhered to preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines. 8 We searched Medline & DORIS for publications. All searches were carried out in May 2017, not limited by date and restricted to applications in humans. The search was conducted on both resources using a combination of the following terms: (Factors OR Barriers OR Delays) AND (Acute stroke OR Stroke care) AND (Pathways OR Pre-hospital OR Inhospital) AND (Stroke knowledge). Keywords had to be in the title or the abstract of full-length publications. Articles written in English and French were eligible for inclusion and the selected study type was reviewed. Search results initially scanned titles, followed by an abstract assessment for selected publications (see Supplementary appendix S1). We also scanned their reference list.
We excluded reviews that did not focus on the acute stroke timeframe (e.g. prevention, rehabilitation and post-acute stroke care) or that focus on risk factors, drug therapy or medical practices, or that aimed only to report stroke delays time. We assessed the methodological quality of the reviews by evaluating the research questions, the methodology with explicit inclusion and exclusion criteria, and analyzing the limitations, although reviews were not rated or excluded based on the overall quality rating.
The total articles were first checked by one reviewer (Y.L.), then the abstract selection, performed by one authors (Y.L.), was reviewed by two authors (S.R. and E.M.). The review process is presented in Supplementary appendix S1. Relevant data were extracted from the identified reviews using an abstraction form containing the following elements: (i) search period, (ii) type of review, (iii) number of studies, (iv) geographic coverage, (v) identified factors and related acute stroke phase and (vi) identified links between factors. For the review, the term 'factor' designates all positive or negative influence on the acute stroke pathway timeframe.
The PRISMA checklist was used to synthesize and report findings, except for items that were not relevant for a systematic review of reviews.
Due to the heterogeneity between studies in terms of methodologies and data sources, a statistical analysis or metaanalysis was not possible, so results are presented in a descriptive systematic literature review.
Results
Study selection
The initial search identified 1037 articles. After a review of titles and abstracts, 30 remained for full text examination. Only 4 reviews were added after scanning the reference list and 29 reviews were finally included after the exclusion of 3 reviews that met at least one exclusion criterion (the full list of excluded articles is available from the authors upon request). One review focused on inhospital stroke and two had no indication of the research strategy (one was a special report, and one focused on the epidemiology, pathophysiology, treatment and outcomes of stroke). Of note, 13 of 29 reviews were included even if only a part of the research met our inclusion criteria.
Study characteristics
Included reviews vary by focus, target population or inclusion criteria. Some reviews focus on one factor (e.g. age-specific, 9 sexspecific 10, 11 or group of factors SES-specific, [12] [13] [14] ) while others focused on specific stroke stage (e.g. pre-hospital stage 5, [15] [16] [17] ) with various stroke stage definitions. Most of the reviews have no countries or regions specified, although one review focused on rural areas 18 and another focused on developing countries. 19 The result is a wide geographic coverage, even if most of studies were usually conducted in USA and Western Europe.
This review covers more than two decades of literature on stroke care management. Earlier reviews mainly focused on inhospital barriers and issues relating to hospital resources. Then, the focus shifted to the pre-hospital stage and the patient stroke knowledge. Eventually, more recent reviews covered the acute stroke pathway focusing on pre-and inhospital coordination.
The methodological quality of the included reviews varied considerably (see table 1 ). Only 5 of 29 reviews were systematic (one included meta-analysis), and 3 of 29 did not precisely describe the search strategy utilized. Some factors were assessed in only one or two reviews with several limitations. For certain factors, the definition of them also varied. This was also the case for SES, which was described by education, income, occupation or socioeconomic index.
Synthesis of results
Results are presented in two parts. First, we reported factors and grouped them into four categories: (i) patient, (ii) space, (iii) organizational/logistical and (iv) training. Association between factors are presented in two groups: (i) links observed between categories, and (ii) links observed inside categories. All factors are grouped in table 2, and most cited factors are presented here. Detailed results are available in the Supplementary appendix S2.
Factors associated with stroke care delay
Patient
There are two types of factors related to patient. On the one hand, there are clinical factors relating to strokes and symptoms. On the other hand, are the individual factors, whether demographic, social or cognitive.
Among the clinical factors, stroke subtype and associated severity were associated with delays in stroke pathway. Increasing stroke severity is correlated with shorter pre-hospital delay which can be explained by a reduced time from symptoms onset to the first call for medical attention and prior contact for EMS transport. Four studies reviewed by Mazighi et al. demonstrated an association between increasing stroke severity and shorter pre-hospital delay. Specific stroke symptoms like facial droop and language impairment were associated with fast arrival in the emergency room. Patients' stroke history and specific risk factors (hypertension, atrial fibrillation) were associated with shorter pre-hospital time delay.
Among individual factors, stroke knowledge (described as the awareness of risk factors, warning signs and adequate behavior) is well-documented. Most acute stroke delays are attributed to the prehospital stage, especially patient stroke knowledge. Poor recognition of stroke symptoms is associated with longer acute stroke pathway. Bystanders at the stroke onset often overcome low patient stroke knowledge or wait-and-see strategy by promptly recognizing the seriousness and emergency of the situation. In a study conducted in North Carolina, USA, the presence of a bystander substantially reduced pre-hospital delay (i.e. median delay 2.0 h vs. 5.8 h).
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Weak associations are reported with age, gender, socioeconomic status (SES) and less-studied factors like psychological and cognitive factors. Interestingly, associations with certain factors are observed among all stroke pathway. Review suggests an association between age and inhospital care 9 and reported that age-related differences were not systematically biased against older patients. On a sexspecific review, six studies found gender difference in pre-hospital delays but most of them reported no evidences.
SES association with the stroke pathway was measured by various factors (patients' education, income or SES index). Low socioeconomic status was associated with longer pre-hospital delays, inhospital delays and low care quality.
14 Ethnic minorities were associated with longer care pathway in few studies. A study conducted in 10 New Jersey, USA, hospitals observed that Hispanic stroke patients wait longer than non-Hispanic white patients to see a physician (OR, 7.95; 95% CI, 1.51-41.6). 20 Psychological and cognitive factors mainly affect the response to stroke symptoms with wait-and-see behavior that can partly be explained by a fear of disease or a fear of hospitals. 21 
Space
Space category covers the interrelation of compositional (sociodemographic characteristics of individuals) and contextual (social and physical opportunities) 22 factors associated to stroke pathway and explained by the time-critical nature of the disease and observed social health inequalities. Four reviews 12, 16, 23, 24 which examined the relationship between socio-spatial factors and stroke pathway suggested that distance to healthcare facilities and neighborhood social level is associated with stroke delay. In England, a study observed disparities of inhospital care against stroke patients from deprived areas and lower thrombolytic treatment rate with patients who travelled the longest distance. 5 
Organization
Organizational and logistical factors associations are well documented. Two main groups are observed: (i) resources strategies covering facilities and staffing and (ii) coordination process referring to organizational dynamics observed to streamlining acute care pathway.
Among resources strategies, transport mode and availability of computational tomography (CT) were the most cited factors. Two studies observed increasing alteplase treatment rates and better clinical outcomes with EMS stroke patients compared to private car patients. 25 On delay in CT access, a well-known study demonstrated shorter door-to-scan with the relocation of CT scanner to the emergency room. 21 Weekend and off-hour admission has been associated with longer door-to-needle times and suboptimal quality of stroke care. Longer inhospital process due to bed unavailability were also reported.
Among coordination process, pre-notification was the most cited factor. When applied, interventional studies observed a significant increase of the thrombolysis rate and same observation has been made with the Guidelines stroke program where pre-notification creates shorter door-to-imaging times, door-to-needle times, symptoms-onset-to-needle times and an increase in alteplase treatment within 3 h. 21 Pre-notification can be associated with the inhospital stroke code and demonstrated greater impact on onsetto-needle time. 26 Reviews observed more broadly the need of coordinated care and agreed on the necessity of a close collaboration between pre-hospital and inhospital staff and services. 26 Three reviews gave recommendations for direct admission to SUs and two reviews noticed the importance of leadership.
Training
Among training factors, which cover especially educational program for both the public and paramedics, stroke recognition by dispatchers and ED physicians is reported as a determinant delay in stroke care pathways. All reviews reported this factor in the prehospital stage. Studies observed that only 31-52% of stroke calls are correctly identified by dispatchers. In the inhospital stage, recognition of stroke by ED physician was reported less reported. Studies showed that 24-55% arrive to the ED with their own means. The study reported by Kwan et al. observed inadequate stroke response training for physicians.
Links observed between delay's factors
Various associations have been observed between factors. Findings are presented in two groups: (i) association observed between categories, and (ii) association observed inside categories. All reported associations are summarized in the figure 1.
Between categories
Most associations observed between categories (see figure 1) are reported between patient and organizational/logistical categories. Eight reviews reported four factors that have an impact on transport strategy. 5, 9, 16, 23, [27] [28] [29] These factors are (i) patient age, 9 as older patients are likely to arrive by ambulance; (ii) bystander/alone/ marital status, 16, 23, 27 as there is a higher probability of EMS use by patients who were not living alone or with a bystander at stroke onset; (iii) stroke severity 16, 28 as patients with severe stroke were more likely to be transported by EMS 16 and (iv) rural/ distance, 5, 28, 29 because direct air transport can be considered due to the distance which reduces delays in stroke care pathway. Six reviews reported five factors that have impacted CT access and availability. 9, [11] [12] [13] [14] 20 These factors are (i) income, 12,14 since the FINMONICA stroke registry observed greater access to CT scan or magnetic resonance imaging for patients from high-income group; (ii) patient age, 9 wherein older patients were less likely to receive CT scans; (iii) ethnicity, 20 as non-black patients had a greater chance to receive non-invasive carotid imaging; (iv) patient gender, 11 since women were less likely to receive brain imaging than men and (v) deprived areas, 13 where CT scan was less likely to be performed for stroke patients from deprived areas on the same day of admission. Three reviews reported three factors that were associated with SU direct access. 13, 14, 30 These factors are: (i) income, 13 where lowincome patients were less likely to receive seven specific processes of care (SU care included); (ii) education, 14 e.g. in Sweden a small but significant difference depending on the level of education has been observed 14 and (iii) rural/distance, 30 noting a study conducted in Australia that observed only 3% of rural patients had access to SU compared to 77% of metropolitan area patients. One review reported association between service coordination and physician stroke knowledge; 30 a trained physician has shorter door-to-needle time than a non-trained physician. One review reports the influence of patient education level on the overall stroke care quality. 13 In Austria, a study showed that higher educated patients were more likely to benefit from echocardiography and speech therapy during admission.
Inside categories
We also observed associations inside categories (see figure 2) . In patient categories, association with stroke knowledge was well documented. Two extensive reviews 10, 23 reported numerous associations with the patient's stroke knowledge. These associations were with age, gender, education, income or SES status, ethnic, alone/ married and medical history. To sum up, most of the studies where associations were reported observed better stroke knowledge among women and a decrease of stroke knowledge with age, low education, low-income (or broadly, low socioeconomic status) and non-white patients. 10, 23 Four factors have been associated with stroke severity. Two reviews reported association between lower socioeconomic status and increasing stroke severity. 12, 13 One review observed strong evidence for more severe strokes among black patients 20 with higher prevalence of coma or ischemic stroke than white patients. Small gender differences in stroke severity was observed in one review. 11 In Denmark, a large study observed more severe strokes in women; however, most of the studies of the review reported no gender differences. One review observed more severe strokes in older patients that complicated care decisions. 9 Gender differences have been observed with witnessed strokes, because women are more likely to live alone. 11 Small gender differences were also observed on the stroke subtype where women had higher frequency of anterior circulation strokes.
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In organizational/logistical category, CT availability and access was associated with three factors. Three reviews reported association with pre-notification. 5, 24, 29 For these reviews, pre-notification permitted the reservation of CT scanners and preparedness of the CT personnel. Five reviews reported that intervention with care coordination can improve CT access and reduce door-to-image times. 15, 16, 24, 29, 31 One review reported the association of CT access and transport strategy. 21 Fassbender et al. reported a study that observed greater access to CT in <25 min for patients transported by EMS. According to four reviews, ED physician training 16, 30 and leadership 24, 25 were associated with care coordination. Better coordination and shorter door-to-onset times were observed after implementing a training program. For two reviews, care coordination needs strong leadership to maintain continuing education and resources. Leadership guarantees close collaboration between services and contributes to implementing regional stroke networks. 25 One review reports association between weekend/offhour strokes and transport strategies. 23 One study observed that transport times were longer during the weekend.
Discussion
Principal findings
This systematic review provides an exhaustive update on factors influencing acute stroke pathways and better knowledge of the underlying mechanisms by reviewing existing associations between factors. We have found that acute stroke delay can be attributed to Figure 1 Reported associations of factors observed between categories patients, space, organizational and training factors. For some of the studies, impact is reported at every stage of the acute stroke pathway. The most cited and consistent factors are patient stroke knowledge, bystanders at stroke onset, transport strategy, pre-notification, regular training, availability and access to CT scan. These multiple factors and interactions form a dynamic framework around the patient and structure the acute stroke pathway.
In this framework, the weight of each factor varies according to the context and the scale of the analysis. Studies conducted on a rural setting reported reinforcement between the distance of the patient from the hospital, patient sociodemographic profile (aged, alone) and available resources. 18 Similarly, studies conducted in developing countries at state scale reported limited access to adequate resources, poor information and financial costs of the tissue plasminogen activator (tPA). 19 Using a systemic approach is consistent with the demonstration of a dynamic framework that could explain increasing complexity and variation in acute stroke care.
In this context, the influence of a factor must no longer be interpreted according to the sole impact on the pathway but complemented by its influence on other factors. For example, the rural/ urban distinction implies not only a question of travel distance but also the issues of population education, resource optimization and services coordination.
By incorporating the interaction between factors, we analyze acute stroke pathway as a complex system. By observing how factors are interrelated within this complex system, we understand the benefit of combined intervention. Multi-factorial interventions like combined educational programs show clear benefits by addressing several barriers at same time. 7, 15 In Temple, USA, the proportion of patient receiving tPA increased from 1.4 to 5.8% after implementation of a multilevel stroke educational campaign for the public and paramedics.
In our review, most studies investigated access to thrombolysis with tPA but our results, in light of recent developments in endovascular therapy, can also apply to patients with large vessel occlusion (LVO). These patients present a worse prognosis and thrombolysis alone had only a small benefit. 32 The results of our review showed how factors articulate during all the acute stroke pathway and were consistent with results found for LVO patients. The study reported reduced delays when a triage tool to recognize LVO patients was used at the pre-hospital stage, completed with an educational and training program for EMS personnel. In this case, reduction of delays for identified LVO patients was associated with a significant increase in reaching functional independence after stroke without changing functional independence for patients eligible of IV tPA only. 33 Our review has several potential limitations. First, there is inherent weakness in a review of systematic reviews. The quality of reviews may vary in terms of clear inclusion and exclusion criterion and search strategy. Our research only included French and English reviews, which might cause an under representation of non-English and non-French reviews. Some of the included reviews are probably outdated and reviews, published after the search date, are not included. Second, given the heterogeneity of the reviews' findings in terms of methods, sample size or context, a meta-analysis was not feasible. Because of some reviews have studied similar or overlapping topics, we note that some of the reviews reported the same underling studies. Although some of these studies may represent duplicate cases, each review met our inclusion criteria. Of note for the overall review, the identified stroke factors and the links between factors only imply association but not necessarily causality. The association is relevant when at least one review indicates a significant association.
We saw three main implications of this review. First, this review shows the benefit of thematic approach over sequential approach by reporting transversal impact among the stroke pathway of certain factors and association between factors. 34 Second, we recognize the understanding of the context as a part of stroke intervention due to the decisive impact among stroke pathway. Last, further research needs to be performed on factors to clarify the synthetic framework by adding causal, feedback and balancing loop. This work is especially true on less-studied factors which can be underestimated by ignoring certain mechanism of the framework. Altogether, this review offers new tools for health care planning and building better strategies to tackle acute stroke care delays. The global and systemic approach provides a comprehensive analysis that is valid in both high-and low-income countries at various scales of interventions. This gathered knowledge is essential for developing effective and equitable acute stroke care pathway.
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Key points
A wide variety of factors impacts acute stroke pathway at different stages but there is an urgent need of understanding associations between these factors. This systematic review provides an exhaustive framework of factors occurring during the acute stroke pathway. Factors influencing acute stroke pathway varying according to context and scale of the study.
